The Doppler echocardiographic features of coronary arteriovenous fistula were investigated in eight patients with left or right coronary arteriovenous fistulas who had a continuous heart murmur in the upper precordial area and whose diagnoses were confirmed by coronary angiography. In four patients the dilated lumen of the coronary arteriovenous fistula was visualised by cross sectional echocardiography. Of these, three showed abnormal unidirectional continuous flow signals with broad velocity spectra in the fistula. Abnormal, powerful, unidirectional Even with cross sectional echocardiography, however, the site of the shunt-that is, the opening of the fistula-cannot always be detected.
SUMMARY
The Doppler echocardiographic features of coronary arteriovenous fistula were investigated in eight patients with left or right coronary arteriovenous fistulas who had a continuous heart murmur in the upper precordial area and whose diagnoses were confirmed by coronary angiography. In four patients the dilated lumen of the coronary arteriovenous fistula was visualised by cross sectional echocardiography. Of these, three showed abnormal unidirectional continuous flow signals with broad velocity spectra in the fistula. Abnormal, powerful, unidirectional or bidirectional continuous Doppler signals were detected in part of the pulmonary artery in two of the eight patients, in part of the right ventricle in two, and in part of the right atrium in one; these signals were interpreted as indicating shunt flow. Although the opening of the fistula was difficult to visualise by cross sectional echocardiography, the pulsed Doppler technique helped identify the site in patients with dilatation of the coronary artery. In the remaining three patients with a small shunt no abnormal findings were obtained with cross sectional echocardiography or the Doppler technique. The size of the fistula below which no abnormal findings may be obtained by Doppler echocardiography still needs to be determined.
The first step in the clinical diagnosis of coronary arteriovenous fistula is the finding of a continuous heart murmur in the upper precordial area. To confirm the diagnosis of this anomaly coronary angiography is needed. With recent advances in cross sectional echocardiography, the root of the coronary artery may now be imaged non-invasively,l 3 and dilatation of the root of the coronary artery has been reported in cases of coronary arteriovenous fistula.4 5 Even with cross sectional echocardiography, however, the site of the shunt-that is, the opening of the fistula-cannot always be detected.
In the present study we attempted to identify the coronary arteriovenous fistula, detect the shunt site, and determine the haemodynamic conditions inside the fistula using cross sectional echocardiography and the Doppler technique.
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Accepted for publication 20 December 1983 Patients and methods Eight patients (five men, three women; age range 22-64 years) with a coronary arteriovenous fistula were examined. They were referred to the National Cardiovascular Center and 2 mm in depth. The ultrasonic pulses for cross sectional echocardiography and the Doppler technique were transmitted alternately so that the echocardiographic images and Doppler searching were done simultaneously. In practice, however, the cross sectional image was recorded first followed by the Doppler signal, since when both were recorded simultaneously the pulse repetition rate had to be reduced to 2 and 3 kHz for each, which resulted in impairment of the quality of the image and the Doppler signal.
The examination was performed with the patient in the supine position. Cross sectional echocardiography and the Doppler examination were performed from the conventional parasternal, apical, and subcostal approaches. 6 The Doppler signals were analysed with a spectroanalyser based on the fast Fourier transform; the sound spectrogram obtained by this means indicated a flow pattern composed of directional flow components with velocity spectra. The electrocardiogram, phonocardiogram, and M mode echocardiogram were displayed polygraphically with the Doppler flow pattern by a strip chart recorder. The paper speed was 50 mm/s.
Results
In three of the seven patients with a left coronary arteriovenous fistula cross sectional echocardiography showed a round echo-free area with a diameter of about 1-2 cm just left of the aortic root in the short axis view at the level of the aortic valve (cases 1, 2, and 3; Table) . In one patient (case 5) with a right coronary arteriovenous fistula a round echo-free area was also seen on cross sectional echocardiography where the vessel branched off the aorta. As in previous reports4 of the echocardiographic features of coronary arteriovenous fistula the round echo-free area was interpreted as being a dilatation of the root of the left coronary artery or the right coronary artery. In three of the four patients with this feature unidirectional Doppler signals of blood flow were detected in the dilated lumen (cases 1, 2, and 5).
In two cases (cases 1 and 2) powerful abnormal Doppler signals with bidirectional components with broad velocity spectra indicating disturbed blood flow were detected continuously in a heart chamber during one cardiac cycle suggesting shunt flow. In a further three cases the abnormal Doppler signals with unidirectional components with broad velocity spectra were detected continuously in the pulmonary artery (cases 3 and 4) and the right ventricle (case 5). These findings also suggest shunt flow. In the three patients (cases 6, 7, and 8) with a small shunt no positive finding was obtained by cross sectional Doppler echocardiography.
CASE REPORTS
Case I In a 21 year old man an echo-free area (2 cm in diameter) was imaged at the left side of the aorta in the short axis view in the third intercostal space by the left parasternal approach (Fig. 1) . This area communicated with the aorta and was considered to be the dilated left coronary artery on the basis of its anatomical relations. This abnormal luminal dilatation ran towards the apex of the heart and could be traced to the part of the anterior wall of the left ventricle near the interventricular septum. Nevertheless, there was no clear image of the site of the shunt.
In the dilated lumen unidirectional Doppler signals were recorded indicating continuous flow during systole and diastole. This flow pattern showed a unidirectional broad velocity spectrum and the flow direction was interpreted as being from the base to the apex of the heart. The highest component of the instantaneous flow velocity spectrum was generally higher in diastole than in systole with its maximum in late diastole (Fig. 1) (Fig. 2) .
Case 2
In a 32 year old woman cross sectional echocardiography showed a dilated coronary lumen (cavity) at the origin of the left coronary artery (Fig. 3) . The dilated lumen ran behind the ascending aorta and on the posterior wall of the heart. It was evident from the subcostal approach that this dilated lumen continued behind the right atrium and had a diameter of about 2 cm. Doppler signals at this site showing a mild turbulent unidirectional non-pulsatile blood flow were detected continuously during systole and diastole, and the flow direction was interpreted as being from the aorta to the periphery (Fig. 3) . On the cross sectional echocardiogram the dilated lumen at the rear of the right atrium appeared to open into the right atrium, though this was not certain. When the Doppler sample volume was set at this site of possible opening, powerful bidirectional continuous signals were detected. These abnormal signals were detected spreading from this site into the right atrium. Coronary angiography confirmed that a dilated coronary fistula about 2-3 cmin diameter arose at the origin of the left coronary artery, wound around behind the heart, and opened into the right atrium from the right posterior direction (Fig. 4). group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from Miyatake, Okamoto, Kinoshita, Fusejima, Sakakibara, Nimura (c) In the coronary angiogram a dilatedfistula at the origin ofthe left coronary artery winds around behind the heart and opens into the back ofthe right atrium. RA, right atrium; LA, left atinum.
Case 3
In a 54 year old man cross sectional echocardiography showed that the main trunk of the left coronary artery appeared to be slightly dilated (Fig. 5) in front of the pulmonary artery, and then opened into the main trunk of the pulmonary artery (Fig. 5) .
Case 4
In a 64 year old woman no dilatation was found at the origin of the left coronary artery, but a disturbed blood flow was detected in the pulmonary artery. The findings were the same as those in case 3. in this dilated lumen showed a slightly turbulent, unidirectional continuous flow, the flow velocity of which was faster in systole than in diastole (Fig. 6) . Another abnormal round echo-free area was imaged at the medial side of the right ventricle on the cross sectional image of the parasternal four chamber view, where uncertain Doppler flow signals were recorded. Unidirectional turbulent Doppler signals were detected continuously in the medial part of the right ventricle. Coronary angiography and left ventriculography showed that the right coronary artery was dilated in the proximal and mid-portions and communicated with the medial part of the right ventricle (Fig. 7) .
In the other three cases no abnormal findings were found by cross sectional echocardiography and the Doppler technique. In these three cases a narrow fistula from the left coronary artery to the pulmonary artery was detected by coronary angiography. 
